alcohols in good to reasonable yields with high regio-and stereoselectivities (eq 1). 
The reaction was conducted by exposing dimethylzinc to a THF solution of a mixture of a conjugated enyne and aldehyde in the presence of [Ni(cod) 2 ] catalyst under nitrogen atmosphere. The results using 2-methyl-1-hexen-3-yne and PhCHO are summarized in Table 1 . 4 After investigating various amounts of enyne and dimethylzinc, 2.4 equivalents of enyne and dimethylzinc based on PhCHO provided the best result (Entry 3, Table 1 ). Aprotic Scheme 2. Ni-Catalyzed three-component coupling reaction of aldehyde, diene, and dimethylzinc. polar solvents, such as THF and DMA, gave higher stereoselectivities.
As for the aromatic aldehydes, PhCHO and p-anisaldehyde underwent the three-component coupling reactions smoothly to provide the tetrasubstituted allenyl alcohols 1 as a mixture of diastereoisomers in 5:1 and 3:1 ratios, respectively (Entries 1 and 2, Table 2 ). p-Chlorobenzaldehyde showed marginal success in the formation of the allenyl alcohol with moderate yield (Entry 3, Table 2 ). Mesityl aldehyde provided the expected alcohol 1d with excellent diastereoselectivity (Entry 4, Table 2 ). Primary, secondary, and tertiary aliphatic aldehydes, such as hexanal, cyclohexanecarbaldehyde, and pivalaldehyde gave the desired allenyl alcohols in modest to reasonable yields with higher stereoselectivities, although the reaction required a longer period to complete (Entries 57, Table 2 ). In these cases, it is notable that cyclobutene ring formation via [2 + 2] cycloaddition of the alkene and alkyne moieties of the enyne was not detected at all. 5 Next, we developed a similar coupling reaction with a wide variety of enynes and organozinc reagents in the presence of Nicatalyst and PhCHO under the optimized conditions of Table 1 . The results are summarized in Table 3 . 4-n-Butyl-and 4-phenylsubstituted enynes could take part in the coupling reactions to give the desired allenyl alcohols 1h and 1i in reasonable yields (Entries 1 and 2, Table 3 ). 4-Trimethylsilyl-substituted enyne gave the expected coupling product 1j in moderate yield (Entry 3, Table 3 ). In place of dimethylzinc, diethylzinc could serve as ethylating agent for similar coupling reaction giving rise to the tetrasubstituted allenyl alcohols 1k (Entry 4, Table 3 ). Diphenylzinc which is prepared from ZnCl 2 and phenylmagnesium bromide participated in the desired reaction, hence the tolerance for a variety of organozinc reagents has high potential synthetic utility. Dibenzylzinc provided no expected coupling product 1m; instead, homopropargyl(3-butynyl) alcohol was obtained in modest yield by the 1,2-addition reaction of benzylzinc and aldehyde at the alkene moiety.
The structure of the allenyl alcohol 1a was determined on the basis of transformation to the 5,6-dihydropyran via the 6-endo cycloisomerization of the β-hydroxyallene promoted by Au(I)-catalyst (eq 2). Au-Catalyzed cycloisomerization takes place following the intramolecular oxycyclization of the β-hydroxyallene via the σ-gold complex developed by Krause et al. 6 Cyclized products, dihydropyrans 2a and 2b, were unequivocally characterized by NOE experimental analysis and the coupling constant in the ð2Þ A plausible reaction mechanism for the three-component coupling reaction of enyne, aldehyde, and dimethylzinc in the presence of Ni(0) catalyst is illustrated in Scheme 3. Oxidative cyclization of the enyne and aldehyde involving a Ni(0) species proceeds to form oxanickelacycle intermediate I via addition of the carbonyl group of the aldehyde to the terminal olefinic carbon atom of the enyne moiety with excellent regioselectivity. The nickel atom undergoes a 1,3-shift to the γ-position of the propargylnickel moiety with retention of configuration to afford the stereodefined 7-membered allenylnickel species II. Methyl group transfer from dimethylzinc to the nickelacycle provides an allenyl methyl nickel species, followed by formation of the Figure 1 . NOE experimental data and 1 H NMR spectral data of the cyclized major product 2a.
tetrasubstituted allenyl alcohols through reductive elimination, liberating the Ni(0) active species.
On the contrary to our results, in the presence of phosphine ligand, Ni-catalyzed selective formations of dienyl alcohols from 1,3-enynes and aldehydes via alkene-coordinated nickelacycloalkenes have been reported. 7, 8 These complementary selectivities might originate in the stabilities of the oxanickelacycle intermediates.
In summary, we have developed a Ni-catalyzed threecomponent coupling reaction of dimethylzinc, enyne, and carbonyls to provide tetrasubstituted allenyl alcohols with high regio-and stereoselectivities. Diethylzinc and diphenylzinc could participate in the coupling reaction to provide the corresponding β-hydroxyallenes in reasonable yields. Scheme 3. Plausible mechanism for three-component coupling reaction of Me 2 Zn, aldehyde, and enyne.
